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Principal component analysisGenetic based knowledge of different growth traits including morphological, physiological and developmen-
tal plays fundamental role in the improvement of rice. Genetic divergence allows superior recombinants
which are essential in any crop development project. Forty-one rice genotypes including bacterial blight
(BB) resistant and susceptible checks were assessed for 13 morphological traits. Among the genotypes, al-
most all the traits exhibited highly signiﬁcant variation. The higher extent of genotypic (GCV) as well as phe-
notypic coefﬁcients of variation (PCV) were noticed for number of tillers hill−1, total number of spikelets
panicle−1, number of ﬁlled grains panicle−1, and yield hill−1. High heritability together with high genetic ad-
vance was observed for total number of spikelets panicle−1, number of ﬁlled grains panicle−1, and yield
hill−1 indicating dominant role of additive gene action in the expression of these traits. Number of ﬁlled
grains panicle−1 exhibited positive correlation with most of the traits. Yield hill−1 showed a good number
of highly signiﬁcant positive correlations with number of ﬁlled grain panicle−1, total number of spikelets
panicle−1, 1000 grain weight hill−1, number of panicle hill−1, and panicle length. The UPGMA dendrogram
divided all the genotypes in to six major clusters. The PCA showed 13 morphological traits generated about
71% of total variation among all the genotypes under this study. On the basis of 13 morphological traits, ge-
notypes such as IRBB2, IRBB4, IRBB13, IRBB21, and MR263 could be hybridized with genotypes MR84, MR159,
MRQ50, MRQ74, PH9 and IR8 in order to develop suitable BB resistant rice genotypes.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Rice is an important versatile food crops which feeds over half of
the world's population and provides essential food elements, employ-
ment opportunity as well as raw materials for different products used
by human kind (Zhao et al., 2011; Akinbile et al., 2011; FAO, 2004;
Onwueme and Sinha, 1991). The global need of rice has been fore-
casted to rise by 25% from 2001 to 2025 in order to cope with the in-
creasing population (Maclean et al., 2002). However, the productivity
of this vital crop is affected by several biotic and abiotic stresses be-
cause of narrow genetic diversity present in the existing rice cultivars.
This is believed as consequence of human selection for early maturing
and high yielding rice genotypes. Therefore, broadening the genetical Agriculture, Universiti Putra
.: +60 389471149; fax: +60
aﬁi), msmazidupm@gmail.com
by Elsevier B.V. All rights reservedbase of this key crop by introgressing genes from different sources
is a crying need.
Bacterial blight (BB) disease is one of the most detrimental disease
in the rice growing regions of the world for both inbred and hybrid
rice (Mew, 1987) which is caused by Xanthomonas oryzae pv. oryzae.
The disease causes yield losses up to 100% under extreme conditions
(Zhai and Zhu, 1999). In 1988 and 1994, serious outbreaks were
reported in the states of Penang, Kedah, Selangor and Perak of
Malaysia where more than 40% of the planted areas were infected
with BB disease, causing an estimated yield loss of about 10–50%
(Saad et al., 2000). According to Ogawa (1993) using of resistant va-
riety is the most effective way to control BB disease, which eventually
minimizes the yield loss.
Genetic diversity plays a fundamental role in plant breeding.
Genetic divergence is an efﬁcacious tool for an effective choice of
parents for hybridization and breeding program (Vivekananda and
Subramanian, 1993). Kwon et al. (2002) suggested that identiﬁcation
of parents based on divergence study for any breeding program
would be more effective.
This study assessed the morphological variability of rice genotypes
obtained from the International Rice Research Institute (IRRI), Malaysian.
Table 1
List of different rice genotypes in this study.
Genotype
code
Genotype Genetic constitution Reaction Source of
collection
G1 IRBB2 Xa2 Resistant IRRI
G2 IRBB4 Xa4 Resistant IRRI
G3 IRBB5 xa5 Resistant IRRI
G4 IRBB7 Xa7 Resistant IRRI
G5 IRBB10 Xa10 Resistant IRRI
G6 IRBB11 Xa11 Resistant IRRI
G7 IRBB13 xa13 Resistant IRRI
G8 IRBB14 Xa14 Resistant IRRI
G9 IRBB21 Xa21 Resistant IRRI
G10 IRBB 54 xa5,Xa21 Resistant IRRI
G11 IRBB55 Xa13,Xa21 Resistant IRRI
G12 IRBB57 Xa4,xa5,Xa21 Resistant IRRI
G13 IRBB58 Xa4,xa13,Xa21 Resistant IRRI
G14 IRBB59 xa5,xa13,Xa21 Resistant IRRI
G15 IRBB60 Xa4,xa5,xa13,Xa21 Resistant IRRI
G16 IRBB61 Xa4,xa5,Xa7 Resistant IRRI
G17 IRBB64 Xa4,xa5,Xa7,Xa21 Resistant IRRI
G18 IRBB65 Xa4,Xa7,Xa13,Xa21 Resistant IRRI
G19 IRBB66 Xa4,xa5,Xa7,Xa13,Xa21 Resistant IRRI
G20 MR84 Unknown Susceptible MARDI
G21 MR159 Unknown Resistant MARDI
G22 MR185 Unknown Resistant MARDI
G23 MR211 Unknown Resistant MARDI
G24 MR219 Unknown Resistant MARDI
G25 MR220 Unknown Resistant MARDI
G26 MR232 Unknown Resistant MARDI
G27 MR253 Unknown Resistant MARDI
G28 MR263 Unknown Resistant MARDI
G29 MR269 Unknown Resistant MARDI
G30 MR220-CL1 Unknown Resistant MARDI
G31 MR220-CL2 Unknown Resistant MARDI
G32 MRQ50 Unknown Resistant MARDI
G33 MRQ74 Unknown Resistant MARDI
G34 PH9 Unknown Resistant MARDI
G35 Pulut Siding Unknown Susceptible MARDI
G36 IR8 Unknown Resistant MARDI
G37 YTM16 Unknown Resistant MARDI
G38 Bahagia Unknown Susceptible MARDI
G39 BR28 Unknown Susceptible BRRI
G40 BR29 Unknown Susceptible BRRI
G41 Purbachia Unknown Susceptible BRRI
(IRGCIS, website: http://www.irgcis.irri.org:81/grc/irgcishome.html and the International
Crop Information System (ICIS, website: http://www.iris.irri.org/), MARDI (2008).
Bangladesh Rice Research Institute.
a Purbachi originated from China but widely cultivated in Bangladesh.
16 M.S. Mazid et al. / South African Journal of Botany 86 (2013) 15–22Agricultural Research and Development Institute (MARDI) and Bangla-
desh Rice Research Institute (BRRI) using quantitative morphological
traits. Traditionally, morphological traits are used to determine genetic
diversity and classify germplasm. However, this technique is a low-
level but powerful taxonomic tool which can be utilized for the prelimi-
nary grouping of cultivars prior to their characterization using more ro-
bust marker technologies. Moreover, this technique is cost effective,
less time consuming, easy to score and it does not need any technical
knowledge. According to Din et al. (2010) scientiﬁc classiﬁcation of the
plant still relies on morphological traits.
Heritability of a trait is important in determining a cultivar's re-
sponse to selection (Surek and Beser, 2003). Knowledge of heritabili-
ty plays key role in the selection based improvement of a crop
because it implies the extent of transmissibility of traits into next
generations. Therefore, genetic variability is the prerequisite for mak-
ing progress in crop breeding (Appalaswamy and Reddy, 2004). High
genetic advance coupled with high heritability estimates offers the
most effective condition for selection (Larik et al., 2000). According
to some researchers (Kumar and Shukla, 2002; Ismail et al., 2001)
information of association such as genotypic and phenotypic correla-
tion between yield and its component traits is vital for yield improve-
ment through selection programs. To the best of our knowledge this
is the ﬁrst report concerning genetic diversity of near isogenic lines
(NIL) and pyramid lines having multiple BB resistant genes developed
by the International Rice Research Institute (IRRI). The aims of this
study were to assess the nature and magnitude of genetic diversity
as well as selection of potential genotypes based on morphological
traits from the BB resistant rice genotypes for future utilization in
breeding programs.
2. Materials and methods
2.1. Plant material and experimental design
Forty-one rice genotypes (including 35 BB resistant and six
susceptible) were obtained from IRRI, MARDI and BRRI (Table 1).
The genotypes were grown in the pots at experimental ﬁeld (No-2)
of the Universiti Putra Malaysia. In this experiment, a total of 123
pots were arranged according to randomized complete block design
(RCBD) where each replication was formed with 41 pots. Initially,
six plants were allowed to grow but at ﬁnal stage two plants were
kept at each pot.
2.2. Data collection
Data for the following 13 morphological traits were recorded from
all genotypes at each of the replication : seedling height (SHT, cm),
plant height (PHT, cm), number of tillers hill−1 (NTH−1, no), days
to 50% ﬂowering (DF, day), days to maturity (DM, day), ﬂag leaf
length (FLL, cm), number of panicles hill−1 (NPH−1, no), panicle
length (PL, cm), number of ﬁlled grains panicle−1(NFGP−1, no),
number of unﬁlled grains panicle−1 (NUFGP−1, no), total number
of spikelets hill−1 (TNSP−1, no), yield hill−1 (YH−1, g) and one
thousand grains weight (1000 GWH−1, g) (Table 2).
2.3. Statistical analysis
The most important interaction was expressed by the analysis of
variance (ANOVA). Honest signiﬁcant difference (HSD) or MSD was
calculated using Statistical analysis system software (SAS version
9.1, SAS Institute, 2001) (Tables 3a and 3b). In order to identify genet-
ic variation among the genotypes and to determine environmental as
well as genetic effects on different traits genetic parameters were es-
timated. According to Burton (1951), Burton and Devane (1953) and
Johnson et al. (1955) the following genetic parameters were worked
out.(a) Genotypic variance:
σ2g ¼
MSG−MSEð Þ
r
;
where MSG is the mean square of accessions, MSE is mean
square of error, and r is number of replications.
(b) Phenotypic variance:
σ2p ¼ σ2g þ σ2e ;
where is σg2 genotypic variance and σ e2 is mean squares of
error.
(c) Phenotypic coefﬁcient of variance (PCV):
PCV %ð Þ ¼
ﬃﬃﬃﬃﬃﬃ
σ2P
q
X
 100
where σ P2 is the phenotypic variance and X is mean of trait.
Table 2
List of 13 morphological traits measured.
Serial no Trait Method of measurement
1 Seedling height (SHT, cm) The average of height from the base to the tip of tallest leaf.
2 Plant height (PHT, cm) The average of height from the base to the tip of last leaf (Flag leaf).
3 Number of tillers hill−1 (NTH−1, no) Counting of the tillers per hill.
4 Days to ﬂowering (DF, day) The number of days from cultivation to ﬂowering day.
5 Days to maturity (DM, day) The number of days from cultivation to maturing day.
6 Flag leaf length (FLL, cm) From the base to the tip of the ﬂag leaf.
7 Number of panicles hill−1 (NPH−1, no) Counting of the panicles per hill.
8 Panicle length (PL, cm) From the base (ﬁrst node) to the tip of last spikelet of panicle.
9 Number of ﬁlled grains panicle−1 (NFGP−1, no) By dividing the total ﬁlled grains to the total panicle number.
10 Number of unﬁlled grains panicle−1 (NUFGP−1, no) By dividing the total unﬁlled grains to the total panicle number.
11 Total number of spikelets panicle−1 (TNSP−1, no) Counting the total spikelet (ﬁlled and unﬁlled grains) per panicle.
12 Yield hill−1 (YH−1, g) Weighing the total grains per hill.
13 1000 grain weight (1000 GWH−1, g) One thousand seeds were counted and weighed.
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GCV %ð Þ ¼
ﬃﬃﬃﬃﬃﬃ
σ2g
q
X
 100
where σ g2 is genotypic variance and X is mean of trait.
(e) Heritability (Broad sense):
h2B ¼
σ2g
σ2P
where σ g2 is genotypic variance and σP2 is phenotypic variance.
(f) Expected genetic advance (GA):
GA %ð Þ ¼ K
ﬃﬃﬃﬃﬃﬃ
σ2P
q
 h2B  100:Table 3a
Mean squares of analysis of variance for six growth traits among 41 rice genotypes.
S.O.V. df SHT PHT
Blocks (R) 2 47.57⁎⁎ 4.03ns
Genotypes (G) 40 24.83⁎⁎ 82.13⁎⁎
Populations (P) (2) 0.58ns 138.17⁎⁎
G/P (38) 26.11⁎⁎ 79.18⁎⁎
Error 80 8.54 21.70
Note: S.O.V—source of variation, df—degree of freedom, SHT—seedling height, PHT—plant he
DM—days to maturity.
⁎ Signiﬁcant at p ≤ 0.05.
⁎⁎ Signiﬁcant at p ≤ 0.01.
ns Non-signiﬁcant.
Table 3b
Mean squares of analysis of variance for seven yield and yield component traits among 41
S.O.V. df NPH−1 PL NFGP−1
Blocks (R) 2 27.32ns 1.71ns 44.64ns
Genotypes (G) 40 59.58⁎ 4.45⁎⁎ 1962.01⁎⁎
Populations (P) (2) 22.00ns 23.95⁎⁎ 946.67⁎⁎
G/P (38) 61.56⁎ 3.42⁎⁎ 2015.45⁎⁎
Error 80 35.42 1.19 20.08
Note: S.O.V.—source of variation, df—degree of freedom, NPH−1—number of panicles hill−1
unﬁlled grains panicle−1, TNSP−1—total number of spikelets panicle−1, YH−1—yield hill−1
⁎ Signiﬁcant at p ≤ 0.05.
⁎⁎ Signiﬁcant at p ≤ 0.01.
ns Non-signiﬁcant.GA as a percent of the mean assuming selection of the superior
5% of genotypes.
GA %ð Þ ¼ K
ﬃﬃﬃﬃﬃﬃ
σ2P
q
X
 h2B  100
where K is constant,
ﬃﬃﬃﬃ
σ2P
p
X
is phenotypic standard deviation hB2 is
heritability and X is mean of traits.
To assess the relationships among the 13 different traits Pearson's
correlation coefﬁcient was analyzed using Statistical analysis system
software (SAS version 9.1, SAS Institute, 2001). The standardized
morphological data were employed to calculate the Euclidean dis-
tances among the 41 rice (Oryza sativa) genotypes by NTSYS-pc ver-
sion 2.1 (Rohlf, 2002). Moreover, unweighted pair group methods of
arithmetic mean (UPGMA) algorithm and SAHN clustering wereNTH−1 FLL DF DM
46.46ns 2.60ns 14.08⁎ 1.53ns
159.67⁎⁎ 22.79⁎⁎ 148.73⁎⁎ 263.50⁎⁎
1185.36⁎⁎ 18.69⁎ 1304.57⁎⁎ 2657.33⁎⁎
105.69⁎⁎ 23.01⁎⁎ 87.90⁎⁎ 137.51⁎⁎
35.88 3.89 3.88 3.00
ight, NTH−1—number of tillers hill−1, FLL—ﬂag leaf length, DF—days to 50% ﬂowering,
rice genotypes.
NUFGP−1 TNSP−1 YH−1 1000 GWH−1
196.16ns 426.45ns 52.70ns 1.53ns
1354.5⁎⁎ 3579.01⁎⁎ 749.20⁎⁎ 35.61⁎⁎
157.03ns 1786.18⁎⁎ 1800.73⁎⁎ 102.06⁎⁎
1417.52⁎⁎ 3673.37⁎⁎ 693.86⁎⁎ 32.11⁎⁎
253.68 315.16 15.37 1.71
, PL—panicle length, NFGP−1—number of ﬁlled grains panicle−1, NUFGP−1—number of
, 1000 GWH−1 1000 grain weight.
Table 4
Estimation of genetic parameters of 13 quantitative traits among 41 rice genotypes.
Trait Mean MSg Mse GV PV PCV (%) GCV (%) h2B (%) GA GA (%)
NTH−1 29.93 159.67 35.88 41.26 77.14 29.35(h) 21.46(h) 53.49 9.68 32.34
FLL 24.14 22.79 3.89 6.30 10.19 13.23(M) 10.40(m) 61.83 4.07 16.85
SHT 31.59 24.83 8.54 5.43 13.96 11.83(m) 7.38(l) 38.91 3.00 9.49
PHT 84.23 82.13 21.70 20.14 41.84 7.68(l) 5.33(l) 48.14 6.41 7.61
DM 119.05 263.50 3.00 86.83 89.83 7.96(l) 7.83(l) 96.66 18.87 15.34
DF 77.04 148.73 3.88 48.28 52.16 9.37(l) 9.02(l) 92.56 13.77 17.87
TNSP−1 147.59 3579.01 315.16 1087.95 1403.11 25.38(h) 22.35(h) 77.54 59.83 40.70
NFGP−1 99.14 1962.01 20.08 647.31 667.39 26.06(h) 25.66(h) 96.99 51.62 52.06
NUFGP−1 48.46 1354.50 253.68 366.94 620.62 51.41(h) 39.53(h) 59.12 30.34 62.60
PL 19.62 4.45 1.19 1.09 2.28 7.69(l) 5.31(l) 47.73 1.48 7.54
YH−1 48.50 749.20 15.37 244.61 259.98 33.25(h) 32.25(h) 94.09 31.25 64.43
1000 GWH−1 20.37 35.67 1.71 11.32 13.03 17.72(m) 16.51(m) 86.88 6.46 31.71
NPH−1 24.43 59.58 35.42 8.05 43.47 26.99(h) 11.62(m) 18.52 2.52 10.31
Note: NTH−1—number of tillers hill−1, FLL—ﬂag leaf length, SHT—seedling height, PHT—plant height, DM—days to maturity, DF—days to 50% ﬂowering, TNSP−1—total number of spikelets
panicle−1, NFGP−1—number of ﬁlled grains panicle−1, NUFGP−1—number of unﬁlled grains panicle−1, PL—panicle length, YH−1—yield hill−1, 1000 GWH−1—1000 grain weight hill−1,
NPH−1—number of panicles hill−1, * Signiﬁcant at p ≤ 0.05, ** Signiﬁcant at p ≤ 0.01, ns—non-signiﬁcant, MSg—mean square of genotype, Mse —mean square of error, GV—genotypic
variance, PV—phenotypic variance, PCV—phenotypic coefﬁcient of variation, GCV—genotypic coefﬁcient of variation, h2B—broad sense heritability, GA—genetic advance in respective traits
unit, GA(%)— genetic advance in % of genotypes mean.
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analysis (PCA) of 41 rice genotypes was determined by EIGEN and
PROJ modules of NTSYS-pc and Minitab software (version 15).
3. Result
3.1. Variation and genetic parameters among genotypes
Thirteen traits including seedling height, plant height, number of
tiller hill−1, ﬂag leaf length, days to 50% ﬂowering, days to maturity,
panicle length, number of ﬁlled grain panicle−1, number of unﬁlled
grain panicle−1, total number of spikelets hill−1, yield hill−1,
1000 grain weight hill−1, exhibited highly signiﬁcant variation
(P≤0.01) and the remaining number of panicles hill−1 showed sig-
niﬁcant variation (≤0.05) among all the genotypes under this study
(Tables 3a, 3b, S1, S2, S3, S4). In this study, most of the yield and
yield component traits expressed relatively higher phenotypic coef-
ﬁcient of variation value (PCV) than growth traits in Table 4. The
PCV values which ranged from 7.68 for plant height to 51.41% for
number of unﬁlled grains panicle−1 were categorized according to
Sivasubramanian and Menon (1973). Higher PCV value was observed
in number of tiller hill−1 (29.35%), total number of spikelets hill−1
(25.38), number of ﬁlled grain panicle−1 (26.06), number of unﬁlled
grain panicle−1 (51.41%), yield hill−1 (33.25%), and number of pani-
cles hill−1 (26.99%). On the other hand, lower value of PCV wasTable 5
Pearson's correlation coefﬁcient among 13 quantitative traits of 41 rice genotypes.
Traits NFGP−1 NUFGP−1 TNSP−1 YH−1 1000 GWH−1 D
NFGP−1 1.00
NUFGP−1 0.09ns 1.00
TNSP−1 0.74⁎⁎ 0.72⁎⁎ 1.00
YH−1 0.34⁎⁎ −0.23⁎⁎ 0.07 ns 1.00
1000 GWH−1 −0.31⁎⁎ −0.02ns −0.23⁎⁎ 0.49⁎⁎ 1.00
DF 0.16ns 0.18⁎ 0.23⁎⁎ −0.29⁎⁎ −0.49⁎⁎
DM 0.22⁎ 0.08ns 0.20⁎ −0.02ns −0.10ns
NTH−1 −0.01ns −0.10ns −0.08ns −0.06ns −0.37⁎⁎
SHT 0.13ns −0.22⁎ −0.06ns 0.11ns 0.01ns −
PHT 0.04ns 0.03ns 0.05ns 0.10ns −0.05ns −
PL 0.14ns 0.15ns 0.20⁎ −0.11ns −0.05ns
NPH−1 −0.26⁎⁎ −0.42⁎⁎ −0.46⁎⁎ 0.64⁎⁎ 0.26⁎⁎ −
FLL 0.14ns −0.18⁎ −0.02ns 0.28⁎⁎ 0.22⁎ −
Note: NFGP−1—number of ﬁlled grains panicle−1, NUFGP−1—number of unﬁlled grains pan
—1000 grain weight, DF—days to 50% ﬂowering, DM—days to maturity, NTH−1—number o
number of panicles hill−1, FLL—ﬂag leaf length.
⁎ Signiﬁcant at p ≤ 0.05.
⁎⁎ Signiﬁcant at p ≤ 0.01.
ns Non-signiﬁcant.noticed in plant height (7.68%), days to maturity (7.96%), days to
50% ﬂowering (9.37%), and panicle length (7.69%). The genotypic co-
efﬁcient of variation (GCV) was found to vary from 5.31 for plant
height to 39.53% for number of unﬁlled grain panicle−1. Likewise,
most of the yield and yield component traits expressed relatively
higher genotypic coefﬁcient of variation (GCV) value than growth
traits. The lowest heritability was 18.52% and belonged to number of
panicles hill−1 whereas it was 96.99% for number of ﬁlled grain pani-
cle−1. According to Robinson et al. (1949) heritability was classiﬁed.
In this analysis, higher heritability was found in ﬂag leaf length
(61.83%), days to maturity (96.66%), days to 50% ﬂowering (92.56%),
total number of spikelets hill−1 (77.54%), number of ﬁlled grain
panicle−1 (96.99), yield hill−1 (94.09%) and 1000 grain weight
hill−1 (86.88%). The rest of the traits showed medium and lower
heritability. Genetic advance (GA) was also classiﬁed according to
Robinson et al. (1949) and it ranged from 7.4 for panicle length to
64.43% for yield hill–1 (Table 4).
3.2. Interrelations among the morphological traits
Pearson's correlation coefﬁcient was calculated among 13 mor-
phological traits in 41 rice genotypes (Table 5). Positive correlation
was observed among most of the traits. Total number of spikelets
panicle−1 had signiﬁcant positive relation with the number of ﬁlled
grain panicle−1, number of unﬁlled grain panicle−1, days to 50%F DM NTH−1 SHT PHT PL NPH−1 FLL
1.00
0.32⁎⁎ 1.00
0.42⁎⁎ −0.01ns 1.00
0.15ns −0.09ns −0.04ns 1.00
0.21⁎ −0.29⁎⁎ −0.01ns 0.29⁎⁎ 1.00
0.31⁎⁎ −0.19⁎ 0.09ns 0.14ns 0.16ns 1.00
0.20⁎ −0.15ns 0.19⁎ 0.02ns 0.15ns −0.21⁎ 1.00
0.35⁎⁎ −0.20⁎ −0.02ns 0.46⁎⁎ 0.34⁎⁎ 0.17ns 0.10ns 1.00
icle−1, TNSP−1—total number of spikelets panicle−1, YH−1—yield hill−1, 1000 GWH−1
f tillers hill−1, SHT—seedling height, PHT—plant height, PL—panicle length, NPH−1—
Fig. 1. The dendrogram showing relationship among 41 rice genotypes (Oryza sativa) using 13 morphological traits. Note: G1=IRBB2, G2=IRBB4, G3=IRBB5, G4=IRBB7,
G5=IRBB10, G6=IRBB11, G7=IRBB13, G8=IRBB14, G9=IRBB21, G10=IRBB54, G11=IRBB55, G12=IRBB57, G13=IRBB58, G14=IRBB59, G15=IRBB60, G16=IRBB61,
G17=IRBB64, G18=IRBB65, G19=IRBB66, G20=MR84, G21=MR159, G22=MR185, G23=MR211, G24=MR 219, G25=MR220, G26=MR232, G27=MR253, G28=MR
263, G29=MR269, G30=MR220-CL1, G31=MR220-CL2, G32=MRQ50, G33=MRQ74, G34=PH9, G35=Pulut Siding, G36=IR8, G37=YTM16, G38=Bahagia, G39=BR28,
G40=BR29, G41=Purbachi.
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signiﬁcant (P≤0.01) and positively correlatedwith the number of ﬁlled
grain panicle−1 (0.34**), 1000 grain weight hill−1 (0.49**), ﬂag leaf
length (0.28**) and number of panicles hill−1 (0.64**).
3.3. Cluster analysis
Thirteen morphological traits clustered 41 rice genotypes in to six
major groups. From Fig. 1 and Table 6 it is found that cluster I was the
largest (containing 27 genotypes) and cluster II as well as cluster VI
(containing one member) were the smallest group. Clusters III, IV and
V comprised of three, three and six genotypes, respectively. The fourth
group had the highest average compared to other ﬁve groups in terms
of ﬁve traits (Table 7) such as seedling height (34.83 cm), days tomatu-
rity (125 days), ﬂag leaf length (25 cm), panicle length (21.86 cm), and
number of ﬁlled grain panicle−1 (139.95). The third group included theTable 6
Groups of forty-one rice genotypes according to cluster analysis from morphological
traits.
Group Genotype
Group I IRBB2, MR263, IRBB4, IRBB7, IRBB13, IRBB14, IRBB55, IRBB 54,
IRBB58, IRBB61, MR219, MR220, MR269, IRBB60, IRBB5, IRBB11,
IRBB59, IRBB65, BR29, MR232, MR220-CL1, IRBB57, IRBB21, IRBB64,
IRBB66, MR211, IRBB10
Group II BR28
Group III MR253, MR220-CL2, Purbachi
Group IV Pulut Siding, Bahagia, YTM16
Group V MR84, MR159, MRQ50, IR8, MRQ74, PH9
Group VI MR185highest average for three traits such as number of panicles hill−1
(34.67), yield hill−1 (65.82 g), 1000 grain weight hill−1 (23.07 g). On
the contrary, the second group, revealed the lowest average values in
the traits such as number of tiller hill−1 (25.67), days to 50% ﬂowering
(64.33 days), days tomaturity (96.33 days), panicle length (18.13 cm),
number of ﬁlled grain panicle−1 (79.24), number of unﬁlled grain
panicle−1 (12.14), and total number of spikelets hill−1 (91.38)
(Table 7).
3.4. Principal component analysis (PCA)
The PCA mostly conﬁrmed the cluster analysis. In case of distant
genotype G22 (MR185) which formed its own group alone both in
cluster analysis and PCA analysis (Figs. 1 and 2) gave the evidences.
However, genotype G39 (BR28) which was clustered alone in group
II of cluster analysis came closer to some other genotypes in PCA
and formed group I with other genotypes. According to PCA, the
ﬁrst four principal components accounted for about 70.50% of total
variation for all morphological traits and exhibited high correlation
among the characteristics analyzed. From the eigenvectors analysis
it was found that 23.70, 17.50, 15.70 and 13.70% variation of morpho-
logical traits could be explained in respect by the ﬁrst four principal
components (Table 8).
4. Discussion
Among the 41 rice genotypes, all the traits exhibited highly signif-
icant (Pb0.01) and signiﬁcant (Pb0.05) variations. Phenotypic varia-
tion has been reported by many rice researchers for different
characters in different rice accessions (Ullah et al., 2011; Pandey et
Table 7
Mean values of 13 morphological characters for six groups revealed by cluster analysis among 41 genotypes of (Oryza sativa).
Group SHT
(cm)
PHT
(cm)
NTH−1
(no)
DF
(days)
DM
(days)
FLL
(cm)
NPH−1
(no)
PL
(cm)
NFGP−1
(no)
NUFGP−1
(no)
TNSP−1
(no)
YH−1
(g)
1000 GWH−1
(g)
I 32.24 84.63 26.57 74.16 119.33 24.96 24.47 19.48 97.46 49.88 147.34 51.47 21.72
II 31.50 90.50 25.67 64.33 96.33 22.43 23.67 18.13 79.24 12.14 91.38 36.86 19.67
III 29.34 86.56 37.50 72.11 107.11 24.71 34.67 19.77 84.40 32.83 117.24 65.82 23.07
IV 34.83 88.89 32.17 86.67 125.00 25.00 18.67 21.86 139.95 51.56 191.51 40.40 15.06
V 29.64 78.25 40.44 88.39 124.94 20.97 22.89 19.19 97.05 40.51 137.56 33.69 15.45
VI 22.69 82.00 32.33 85.33 116.67 18.37 20.00 20.35 98.62 131.74 230.36 40.99 22.03
Note: SHT—seedling height, PHT—plant height, NTH−1—number of tillers hill−1, DF—days to 50% ﬂowering, DM—days to maturity, FLL—ﬂag leaf length, NPH−1—number of panicles
hill−1, PL—panicle length, NFGP−1—number of ﬁlled grains panicle−1, NUFGP−1—number of unﬁlled grains panicle−1, TNSP−1—total number of spikelets panicle−1, YH−1—yield
hill−1, 1000 GWH−1—1000 grain weight hill−1.
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rice of Bangladesh with ten morpho-physiological traits was observed
(Ullah et al., 2011). In another study, using 12 quantitative characters,
40 rice accessions showed highly signiﬁcant variation among them
(Pandey et al., 2011). In two different studies, highly signiﬁcant diver-
gence was detected among 30 genotypes of rice (Abarshahr et al.,
2011) and 57 genotypes of upland rice (Chandra et al., 2007) with
19 as well as 14 quantitative traits, respectively.
In order to design an effective breeding strategy for any crop,
knowledge of correlations among different traits is very essential. Di-
rectly selections with a view to develop yield may be complicated and
time consuming because of some reasons. For example, complex
plant characters like yield are quantitatively inherited and inﬂuenced
by genetic effects as well as by the interaction between genotype and
environment. Moreover, the main character is expressed late. There-
fore, indirect selection is preferable and it is much easier to measure
indirect character than direct character. Thus, it is appropriate to
identify and use of highly correlated characters (Ahmadikhah et al.,
2008). In the present study, yield hill−1 had positive correlation
with number of ﬁlled grain panicle−1, 1000 grain weight hill−1,
number of panicles hill−1 and ﬂag leaf length. Positive correlation
between 1000-grain weight and grain yield plant−1 was reported
(Tsuzuki and Umeki, 1990). Moreover, highly signiﬁcant correlation
between grain yield and 1000 grain weight at the phenotypic levelFig. 2. Three-dimensional plot of PCA showing relationships among 41 rice genotypes
using morphological traits. Note: G1=IRBB2, G2=IRBB4, G3=IRBB5, G4=IRBB7,
G5=IRBB10, G6=IRBB11, G7=IRBB13, G8=IRBB14, G9=IRBB21, G10=IRBB54,
G11=IRBB55, G12=IRBB57, G13=IRBB58, G14=IRBB59, G15=IRBB60, G16=
IRBB61, G17=IRBB64, G18=IRBB65, G19=IRBB66, G20=MR84, G21=MR159,
G22=MR185, G23=MR211, G24=MR 219, G25=MR220, G26=MR232, G27=
MR253, G28=MR 263, G29=MR269, G30=MR220-CL1, G31=MR220-CL2, G32=
MRQ50, G33=MRQ74, G34=PH9, G35=Pulut Siding, G36=IR8, G37=YTM16,
G38=Bahagia, G39=BR28, G40=BR29, G41=Purbachi.was also observed by some scientists (Mirza et al., 1992; Kennedy
and Rangasamy, 1998). Number of ﬁlled grain panicle−1 was posi-
tively as well as signiﬁcantly correlated to yield hill−1 in this study
which was also supported by Ullah et al. (2011). Moreover, signiﬁcant
positive correlation was noticed between yield hill−1 and number of
panicles hill−1 which was consistent with the ﬁndings of Abarshahr
et al. (2011). Another point is that, yield hill−1 had signiﬁcant and
positive correlation with ﬂag leaf length which was also supported
by Abarshahr et al. (2011). The signiﬁcant phenotypic association be-
tween traits was primarily due to the genetic cause, perhaps owing to
the pleiotropic effect rather than linkage between the genes affecting
different characters (Singh and Pandey, 2012). Negative cor-
relation was also observed between number of tiller hill−1 and
1000 grain weight hill−1 and between number of tiller hill−1 and
total number of spikelets hill−1.
According to Johnson et al. (1955) estimation of heritability and
genetic advance is essential for the selection based on phenotypic ex-
pression. Thus, high heritability coupled with high genetic advance
could be the key target of selection based on morphological traits.
In the current study, high heritability together with high genetic
advance was obtained for the following four traits namely yield
hill−1, number of ﬁlled grains panicle−1, 1000 grain weight hill–1
and total number of spikelets panicle−1 that indicated preponder-
ance of additive gene action in the expression of the aforesaid traits
(Paramsivam et al., 1996). Similar ﬁndings were also reported byTable 8
Eigenvectors and eigen values of the ﬁrst four principal components.
Variables Principal components
PC1 PC2 PC3 PC4
Eigen value 3.31 2.44 2.19 1.91
Proportion 0.23 0.17 0.15 0.13
Cumulative 0.27 0.41 0.56 0.70
NFGP−1 −0.01 0.43 0.37 0.01
NUFGP−1 −0.10 0.16 0.29 0.11
TNSP−1 0.23 0.17 0.55 −0.05
YH−1 0.40 0.09 0.38 0.09
1000 GWH−1 0.38 −0.12 −0.10 0.32
DF −0.43 0.04 0.19 −0.2
DM −0.22 −0.01 0.23 0.33
NTH−1 −0.20 −0.15 0.18 −0.54
SHT 0.13 0.39 −0.29 −0.12
PHT 0.21 0.29 −0.12 −0.29
PL −0.09 0.35 −0.10 −0.25
NPH−1 0.36 −0.34 0.16 −0.18
FLL 0.30 0.30 −0.17 −0.16
Note: NFGP−1—number of ﬁlled grains panicle−1, NUFGP−1—number of unﬁlled grains
panicle−1, TNSP−1—total number of spikelets panicle−1, YH−1—yield hill−1,
1000 GWH−1—1000 grain weight hill−1, DF—days to 50% ﬂowering, DM—days to
maturity, NTH−1—number of tillers hill−1, SHT—seedling height, PHT—plant height,
PL—panicle length, NPH−1—number of panicles hill−1, FLL—ﬂag leaf length, PC—
principal component.
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yield hill−1. Therefore, selection might be effective through these
characters in segregating generation.
The UPGMA dendrogram broadly clustered the rice genotypes in
to six major groups at 5.16 dissimilarity coefﬁcient, which implied a
high level of morphological diversity in the rice genotypes. Result of
this study unveiled the better resolution power of quantitative traits
for grouping of O. sativa genotypes. On the basis of 18 morphological
traits 58 rice varieties were clustered in to four groups in a study
conducted by Ahmadikhah et al. (2008) while Veasey et al. (2008)
observed that 23 rice populations were clustered in to 10 different
groups based on 20 morphological traits.
The presence of broad morphological differences among geno-
types was further conﬁrmed by principal component analysis,
which indicated that the overall diversity observed could be elucidat-
ed by a few eigenvectors. The ﬁrst four principal components from
morphological traits explained by 70.50% of the total variation, with
PC1 explaining 23.70% of the variation, PC2 17.50%, PC3 15.70% and
PC4 13.70% of the total variation. The ﬁrst 10 principal components
accounted for 67% of total variation found by Caldo et al. (1996) in
his study. This implied a strong correlation among traits which were
studied. About 82.7% of total variation among 32 upland rice varieties
was also noticed (Lasalita-zapico et al., 2010) where almost 66.9%
variation showed by PC1 and 15.87% by PC2.
In the current study, 41 rice genotypes showed notable genetic di-
versity in terms of morphological traits. Forty-one rice genotypes
were divided in to six major groups in cluster analysis. Principal com-
ponent analysis implied 70.50% of total variation. Cluster analysis and
PCA played complementary role to each other with little inconsis-
tencies in respect of composition of cluster. Among these genotypes
35 were BB resistant where 19 genotypes were obtained from IRRI.
The IRRI population consisted of near isogenic lines (NIL) along
with pyramid lines having multiple BB resistant genes and extensive-
ly used as parents in rice growing countries of the world to develop
resistant varieties. But genetic diversity among these lines has not
yet been studied and this is the ﬁrst report to the best of our knowl-
edge. High heritability together with high genetic advance was
obtained for the following four traits namely yield hill−1, number of
ﬁlled grains panicle−1, 1000 grain weight hill−1 and total number
of spikelets panicle−1. Several traits such as plant height, yield hill−1,
number of ﬁlled grain panicle−1, and total number of spikelets hill−1
had positive correlation among each other, which indicated that
employing of these traits by selection could develop the desired geno-
types. To attain a broad spectrum of variation or heterosis among the
genotypes, group I (genotypes IRBB2, IRBB4, IRBB13, IRBB21, MR263)
might be hybridized with group V (genotypes MR84, MR159, MRQ50,
MRQ74, PH9 and IR8) and group VI (genotype MR185). Moreover, to
develop BB tolerant genotypes crossing could be done between (Pulut
Siding and IRBB21), (MR84 and IRBB61), (Bahagia and IRBB60), (BR28
and IRBB64), (BR29 and MR185) and (Purbachi and MR159). Similar
studies were also reported by Abdullah et al. (2011) and Latif et al.
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